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Forced vibration of muscle has been known to evoke the group Ia (Gla) discharges 
in the relevant dorsal afferents and it is also known that they can sometimes五 reat the 
frequency as high as 350 c/s-400 c/s and that the discharge rate was just at the same 
frequency as that of the applied vibration if the tip of vibrator was placed close enough 
to the primary ending which is under observation (Granit & Henatsch， 1956; Bessou & 
Laporte， 1962; Bianconi & van der Meulen， 1963). 
These spindle discharges are transmitted monosynaptically to motoneurons， excite 
them and eventually drive them to fire repetitively. When the rate of vibratory 
stimulus is relatively low enough， motoneurones usually fire exactly at the same frequen-
cγas that of the applied vibration. However，once the vibratory frequency exceeds 
a certain rate，the exact correspondence of motoneuronal firing rate to the applied vibra-
tion disappears. They can not fire exactly corresponding beyond some frequency but 
do fire at some constant rate which is usually lower than， and at the same time， in幽 
dependent from， the rate of vibration applied. 
If we take the minimum amplitude (displacement) of vibration which is found 
necessary and enough to evoke the repetitive motoneuronal五 ringat some pre-determin-
ed rate， the value of this minimum displacement may differ along the parameter of 
vibratory frequency. This has been our main interest during our research described 
here. The relation between the minimum amplitude and the rate of vibration is studied 
and discussed in this paper. 
Method 
Cats were anesthetized with intraperitoneally administered 1% alpha-chloralose and 
10% urethan solution (5 cc/kg). The tendons of gastrocnemius and soleus muscles were 
detached and connected to the vibrator with a small steel hook. N erves supplying the 
left hind limb were denervated except the lateral and medial gastrocnemius nerves. 
The spinal cord was dorsally exposed and the ventral roots were cut at SD L7' L6 & 
Ls. Central cut ends of these ventral roots were dissected and splitted into functional 
single units. 
In order to determine which muscles these efferent single units innervated， the brief 
tag was applied to each muscle and if the unit responded to the tag of a particular 
muscle，the unit was considered to innervate this muscle. When the unit responded to 
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both the gastrocnemius and soleus tags， the unit was classified to innervate the one 
by tagging which the weaker strength could elicit the response than the other (Homma， 
Kano & Takano，1962). 
The vibration was started from 20 c/s and was usually increased up to 200 c/s. If the 
motoneuron responded and五redat 10 c/s to the 20 c/s vibration，the minimu， m amplitude 
of vibration which could evoke the 10 c/s firing of motoneuron was measured and then 
the rate of vibration was varied and the minimum amplitude was measured at that fre-
quency of vibration. 
Results 
1) Muscle vibration and Gla discharge 
G Ia spindle discharge was recorded by the 
usual manner. The spindle discharge evoked by 
the slower vibration of muscle，shows the rate of 
discharge which is the same as the rate of vibra-
tion. This means that the relation between the 
』 ハ ト 

)ヘ川、
 
rate of spindle discharge and the rate of muscle 
vibration is constant1y linear. Fig. 1 shows the 
Gla discharge and the velocity of vibration. The 
amplitude of muscle (displacement of muscle) -
stayed constant during the course of this ex-
periment. At the lower rate of vibration，the 
velocity of vibration did not reach tothe thre-
h f¥JV 
shold to evoke the spindle discharge. However， 
at the higher rates，the spindle discharge was 
observed exact1y at the same frequency as that 
of muscle vibrat-ion. 
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2) Muscle vibration and motoneuron discharge Fig. 1. Muscle vibration and Gla dis・ 
As stated before， Gla response to muscle charge. Gla spikes were gene-
vibration increases linearly depending on the rate rated 'corresponding to vibration. 
The amplitude of vibration was 
of vibration. This Gla discharges are transmit- kept constant while the rate of 
ted monosynaptically to motoneurons and evoke vibration was altered. 
them to fire. Fig. 2 shows one series of moto-
neuron response to muscle vibration recorded from the central cut end of a ventral root. 
The displacement of muscle was kept constant. At 30 c/s of vibration，the motoneuron 
fired at the repetition rate of 6.7 c/s，40 c/s vibration causing firing of M.N. 5 c/s，and 50 
c/s vibration M.N. 4.2 c/s respectively. Fig.3 shows the relation between the muscle vibra-
tion and the discharge rate of motoneuron. 1t can be seen from the五gurethat，when the 
rate of vibration was increased over 20 c/s，the discharge rate of motoneuron decreased 
gradually even with the sustained firing mode of the afferent inputs. However，it will be 
also seen that，over 50 c/s of vibration，the discharge rate of motoneuron became almost 
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Fig. 2. Muscle vibration and motoneuron discharge. The repetitive discharge of gastrocnemius 
motoneuron was recorded from the central cut end of ventral root. The amplitude of 
vibration was kept constant. The motoneuron discharges were 6.7 cjs at 30 cjs vibration， 
5cjs at 40 cjs vibration and 4.2 cjs at 50cjs vibration. The lower part of figure shows 
the relation between vibration and spike generation by the faster sweep speed. 
constant. The disp1acement of muscle (amplitude) was kept constant in this case a1so. 
3) Muscle vibration and response areαof motoneurons 
It was found that the repetitive response of motoneurons to vibration stayed almost 
constant when the rate of vibration was varid over 20 c/s (regard1ess to the rate of 
vibration). 
In Fig.4，is shown a typica1 examp1e of such a neuron which fired repetitively at the 
rate of about 8c/s regard1ess to the rate of vibration over 20 c/s. The 10wer trace shows 
the minimum amp1itude of vibration which just evoked this 8c/s discharge at each rate 
of vibration. In this case， 100 cjs vibration was found to have minimum vibratory 
threshold. In other words，the minimum amp1itude took it's minimum va1ue at 100 c/s 
of vibration and increased again at the higher rate. 
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Fig. 4. Muscle vibration and motoneuron 
discharge. The minimum amplitude 
of vibration which evoked 8cjs vent-。 50 100 cycle/sec ral root discharge at various differ-
muscle vibralion ent rate of vibration were recorded. 
Fig. 3. Rate of muscle vibration and rate The faster the rate of vibration， 
of repetitive motoneuron discharge. the smaller becomes the minimum 
The ordinate shows the rate of gas- amplitude. However，this minimum 
trocnemius motoneuron discharge amplitude takes it's minimum value 
which was recorded from central cut at about 100 cjs vibration then in-
end of ventral root. creases agaln. 
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From above observations， itwas suggested 口1m 
that some possibility might exist in which a cer-
• 
tain frequency has the lowest threshold in having 
the above mentioned ventral root response. The 
existence of this “ optimal frequency" was con- 1. 5 
firmed in several units in the present series of ex-
periments done from this view points. Four typi-
cal units are plotted in Fig. 5 which shows the rela-
tion between the rate of vibration and the mini-
mum amplitude. From the figure， itcan be seen 
that 100 c/s-120 c/s may be called “ optimal rate " 1. 0 
because at these rates the minimum amplitude 
attained its minimum value. From slightly dif-
ferent points of view， however， these curves may 
be regarded to correspond to the so-called “ re-
sponse area" of motoneuron to muscle vibration 
0.5just as used in the study of auditory unit which 
respond to different level of sound stimuli. 
Discussion 
In the study of the repetitive activity of 
motoneuron， the basic parameter is the relation 20 .切 l{旧 200 c/s 
between generator currents and impulse fre- Fig. 5. Relation between the rate of viか 
quencies (Granit 1966; Granit， Kernell & Shor- ration and the minimum amplitude. 
The ordinate represents the mini同 
tess， 1963). The generator currents are the 	 mum amplitude which evokes the 
integration in which an algebraical summation 	 constant rate of motoneuron re-
sponse at various rate of vibration. may take place between excitatory and inhibi-
tory input and this generator potential， the The optimal frequellcies are around 100 c/s-120 cjs. 
resultant， determining the五 ring rate of moto-
neuron according to the consideration of the experiments in which every muscular vibra-
tion did not fail to cause repetitive motoneuronal五 ringat a definite rate. It is obvioU8 
that this repetitive activity is the results of postsynaptic potentials in the motoneuron 
during the course of vibratory stimulation. 
We have recorded the change of membrane potentials of motoneuron during the 
triangular wave vibration of gastrocnemius muscle (Homma， Ishikawa and Stuart 1967). 
The ripple of membrane depolarization (EPSP) are generated corresponding to the 
stretching phase of muscle vibration and once these EPSPs reach the critical level， the 
motoneuron五 resand initiates spikes. As the rate of vibration increases， the rising 
slope of EPSP becomes steeper. But when the vibration amplitude are hold at constant 
amount， the size of EPSP becomes smaller by increasing the rate of vibration. 
It was also found that the critical threshold level of firing tends to shift by the 
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accommodative function， that is， the steeper the EPSP the 10wer becomes the critica1 
thresho1d 1eve1 (Homma， 1966; Sasaki and Otaniヲ 1961). 
At faster rate of vibration， the rising slope of EPSP is steeper and consequently the 
critica1 1eve1 becomes 10wer， the cell being more liab1e to fire. On the contrary， however， 
the arbitrary size of EPSP is smaller at the faster rate because 1ess amount of afferent 
inputs are impinging to the neuron. Therefore 1arger disp1acement shou1d be required 
to evoke effective EPSPs for firing. Thus the size and slope of EPSPs are being in-
fluenced by the rate of vibration in some contradictory manner. 
After the initiation of spikes， motoneurona1 membrane shows dominant afterhyper-
pora1iztion. This afterhyperpora1ization is well known to 1ast re1ative1y 10ng (Eccles， 
1964). Therefore the succeeding EPSPs shou1d start at 10wer 1evel. It is impossib1e for 
these succeeding EPSPs to reach critica1 1evel for firing un1ess an effective summation is 
attained in tempora1 and spatia1 way. 
As the faster rate of vibration causes smaller size of EPSPs， the more numbers of 
EPSPs shou1d be transmitted in a certain 1imited period of time to cause effective sum-
mation and， consequently， to initiate spikes. The intrinsic rhythm of motoneurona1 firing 
is determined by the size of afterhyperpo1arization and by the time in which EPSPs 
need to attain the cri tica1 firing 1evel. As shown in Fig. 4， the五 ringrate of motoneuron 
does not seem to depend on the vibration rate and remain a1most constant in case the 
vibration rate is over certain frequency and the amplitude of vibration adequate. In 
this paper we have studied the minimum amp1itude of vibration which was small enough 
to evoke the pre-determined， constant frequency of motoneurona1五 ringat different fre-
quencies of vibration. 
Matthews (1 966) has reported that the muscle activity increases by the increment 
in the rate of vibration. In our observation the firing rate 6f motoneuron becomes con-
stant or even smaller by applying muscle vibration over 20 cjs. Of course Matthews 
measured the muscle activity by means of recording the mass action potential of muscle 
fibers instead of a single motor unit. The number of muscle fibers activated during 
vibration might increase in the higher range of vibration frequency. 
In this series of experiments， we have not recorded Gla spind1e discharge simu1tane-
ous1y. However， from our microe1ectrode results， itcan be strong1y assumed that Gla 
spind1e discharge is strictly re1ated to the rate of vibration and 10cked to the extending 
phase of vibration (Bianconi et a1， 1963; Stuart， Ott， Ishikawa & E1dred， 1965). As it 
was clear， from our previous observation of intracellu1ar occasion， that the small ripp1e 
of membrane potentia1s (so-called miniature EPSP (Burke & Ne1son， 1966)) with strict 
correspondence to the vibration， it is safe to say that the rate of afferent input is equa1 to 
that of vibration (Homma et a1， 1967). 
The results and considerations above 1ead themse1ves to the following assumption 
that there exists an “ optima1 vibration frequency" in the initiation of a constant repeti-
tive motoneurona1 firing at somewhere of the frequency range between 100 cjs-120 c/s 
vibration. 
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Recent study of auditory system has adopted the term of “response area" to describe 
the threshold range of sound decibels to which some concerned unit can give response (Ka-
tsuki，Watanabe & Suga，1959). It is also known this response area receive narrower in-
tegration when the afferent signa1s trave1 through more number of the relevant synaptic 
junctions (Oonishi & Katsuki，1965). In the beginning of this work our main concern 
was to study the mode of efferent activity of monosynaptic reflex arc when its input 
side was suscepted to a forced vibratioil of different frequency. It was only coincidental 
that the “response area" described in this work was found to have an behavioral resem-
blance as that of auditory neural unit. However，it may be very natural because both 
auditory and proprioceptive receptors are the same in the nature of activity that they 
transduce mechanical energy into bioelectrical impulses. The simp1e architectonic or the 
very limited number of junction of synapse in the spina1 cord might exp1ain relatively 
broad response area as reported in this paper. 
In the section of method the technique was described about differentiation of gas-
trocnemius and soleus efferent五laments. However， at present stage of experiment，it 
has been difficu1t to accumu1ate amp1e data to describe the mode of activity of the soleus 
motoneuron efferents in detail. Since the soleus motoneuron is known to belong to the 
group of small alpha motoneurons， itshould have different characteristics from the 
gastrocnemius efferents，of which motoneurons are believed to belong to large a1pha 
motoneurons. Therefore the estimation of response area of soleus reflex arc stil remains 
as our continued interest and an urgent aim of future experiment. 
SUMMARY 
The cat gastrocnemius muscle was mechanically stimulated by an electromagnetic 
vibrator which was connected the detached tendon of the muscle. 
The repetitive activities of the gastrocnemius motoneuron were recorded from the 
central cut ends of L7 ventra1 root filaments. The minimum amp1itude of vibration 
which can evoke the pre-determined constant motoneuron activities were measured as 
an indicator. 
1) The re1ation between the minimum amplitude and the rate of vibration was 
obtained on the gastrocnemius motoneurons. 
2) The" minimum value" was found to be at around 100-120 cjs. 
3) The frequency at the minimum value for the predetermined rate of ventral root 
discharge was proposed to be designated as an “optimal frequency ぺ 
4) The “efferent response area" of monosynaptic reflex was obtained from the 
minimum amplitude -the vibration rate relationship. It was discussed from several point 
of views. 
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